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HflECJW-T*. 

[ttft] BMW* 5*«tt>W*»fi81 
»)«HB**4:J!tSBf3g©»*«*CLK*fi58-r*. SB 
F 3 ttttigfl-tC LK£av»T&il£ tltz- 

ITT*. U>X5B«-5tt:l 2*-S>£lte*ifc-iJ«feR 

ett-^RWDcjijaft^fc^su jww-t cl 

K C*^T£«3*lfcy- h(f^G TStlalffl L"CiijI 
(4:1 2<DEmm«tttbt«. CCD-f*-5Hr>"0-8 

ay- noasnfc-**RWDss*bT?*j6-rsiii 

&{I^IMG£ttI±;-<rs. 3lJHilR9ailift{35IMG 
*}»JMMIL/T«[-?(*:l 2©ffi«ii<ftS^«Ux 3>f 

a-* i icasajt*. 
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*S:S-»©y- Ms^C[^bT£F.S#§!l8<JXtti$# 

sijTOcaajfcoy-naasfrftvv-s^icfliSETsia 

MS9I31 fltB#y-h*«ttm>Kffi«#l 8 0 20 
° H«:6-*r©y- h«*t:HJ«LT38Hl^f!l69XttW 

^•iijesjcaa^©^- h^*fT&^jEti-**©(fc*§j* 

Xtt2BB«©E***7«fi. 

taia*?"- h^att iHfcy-ng^fc 
z&z!®mtt2>m>£m 1 83«©e«** 7gi„ 

*4«H»i:1-*ll«3j|lE«©E«*^5*SJi. 

1K«©E«*.*7SSII:. 
[»W©»lffl&lliW3 
[0 0 0 1] 

[SfPLt©*iJffl#if] *«Wtt«J(*©=*7c»ttt*« 

»Tt*a*5£***7jsiecH-f ■&. »c JisBgitc 40 

$> 5^{£©g§gtlj&£ 'J TVl/* -f Af««t*Ot:lb 
[0 0 0 2] 

m> X«3te*©ft*i:Ri*Jte©^JK*»6)«l#©=* 
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2 

««*©«££ S -3 T (iS^ffii , »M#-A s Sv ,ii y©f & i 
&. 

[0 0 0 3] CfttCttbT, #©«JI**lfflbTfc<*© 

-10049 2-t^$scia^$tiT^?)o ei 1 1 ic^-r 
«t % zcDieAMTttu — tf i o i*»e>©ma*ft, % 

££1 0 3 CioTllSft5*CTSl 0 2T : 3£fig 
H**. SaSSEHSiifcl/— !f*tt7^-f- + lll 0 4 
©!§□£»!>, 1 0 5 tioTSffll 0 6C 

!Hi3Ji«. o e i o 

>xi o 7ft^LT*tfttaai o sfcujfesns. jm* 

0 8 ttHft$hfe**fflMff c© 
flMI«*©S(ittU— !f*C«r 1 0 .6 ©S*f 
*J6Wt««*l 0 6*f©BiC»*6LT*fls1-*. 
ftoT&S&tBill 0 9CJ:oT««fll^©3fiflEStta 
U Ir3^*'+tl 0 5tiot!/- tf*©»Slftfrft 

n5o X % tiMWf*©fflffltt*fft* 1 0 6**©E«fc 
Jt0ibT»rS. ftoTffi*@&l±i&l 1 0£J:oT« 
£11 0 3#6©#JBe^fc««MS*i:©ffifflg&M£ 
1-n«> tt*«Dl 0 6 $T-©Sg^* s *to?,n5o £*L 
fct, #©»Sc* U— !f3t©5iKa«««aS 

*f fc-ffttf* L=ctf/ (4?rf) TSK)?>tl^, * 

[0 0 0 4] 

[isw^ftbi^ fc-rsiw] ±iBufc*©a«6*j 

-^©H^TcffiSttfttlil - « *©"?*«>. ft^T^ =* 
7C«(t©la«H«lS*»4»Ctt*9ft«1SC»oT U 

ttixttfc&1\ ll§l©Hi«ll<Wi«tftBSIHItB1-Si: 
[0 0 0 5] 

{wm*M&t%tzvxD%-m ±jBi/fc«E*©8*©w 

si^hti.. *>*4iwsaj*i-5»twT©*as 
&««s*i:bTx *sim sbte^a, # 

stttttfpfli * s: * v > t sis $ n & -«* * * b t i>§ 

4:&S=*7B©*5fr»c{Hlt-r*. «Jte*SttR*¥# 

&*©aajteK*c4i-aEu Kaw«*fc*i^Tftj** 
n&y- ni^tHiwuTjiia*©^- hiassfTte 
w »^«3tec**ns«5(*©E«««*atiii-s. 
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[o o o 6] #*L<fct mwr-h^mtz Steffi 
Rfty-v^m&mwmvi 8 o° #t&£>-*f©7 

^sttJi^^ii mummm) snfc-**ta* : 

CCD-f ^-i?*>*) £fflV^»#$?£ b<, 20 
[0 0 0 8] 

[f^fli ] in«SE«?ii&*«*» & a s 

'WMUCrtlfl-e S*. »fc#»l*0!l*.tfC C D -Y / -s> 

Ct(W§**l 8 0° *fc5-*t©y-Hi*S/|^T#y 
-h#S©Wffl»J»SfT&3*fc:*»>v IEft-*t©ft*i 

fcffiB#©ffliS«*©a^08*fcWt6i:&9> -ItlKttA- 40 

LfcS«K©t4tit&ffi#T-§?>. x, swctMf 

[0 0 0 9] 

©^ lUBE^j^^tT'D s^ia-ea&a. m^-raatc, 50 
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«*T*9x B$m**i:&S3fje©*Dy*ff*CLK 

-K3fcl/>X4#&&*«!3fc^»S«;lTii?>, £d 

-*#FWD£tt»UTi«fc&S=*ro©»¥{*l 2 
fc JHW-r £ . d ©&¥tt 1 2 iiW x. « , * * 7 
tJt««iE^A»i:tt«fl«jjav>B»i:«:Wl/T^*. 
[0 0 10] V>X5tt«*^a*«fiEUT* 

* s ^ntciigc > n2.^©T-(i%<, *u * h-£tr>*-;u 

Srffi^Ttfi^. U>X5©^fflH{Ztt^-bM§-<y- 
^>7>->77^t (Gil) 6#EB;*ftT£!>3fe 

>->77^t6 {±~ R W D ©iia^ES* C Ufifr 
S©^- hfs^GT S CHffl UTiija^©^- b&JlS: 
fr&V\ -##RWDt^£*li>&¥tt©S§$ti«£» 
tbf5. *0"JT-{iJfcy-h^Stt^l/>X5©^ilc: 
ISg^nT^i>'* s mt|ige,ni.t.©T-(i'5:<^ S^-fC 
«koTtt&)^>X5©fMfcffieLT*>&o. fe43^ 
y-hM&'C^-^'r >r^^77-ft6 lc(±^^-h 

^^-i?^ >5 1 >^7 7"f + 6 (CfiC CD -Y/-^-b> 

UT»i6tSiitt^IMG*tB*-j-4. CCD^y- 

5. ft*. C©SI3f$&3lift7-b$iJMa!§ 7 

(t*cNT*fflv>Timift«*iMGS;jMMra-rs. at 

»@SS9(itil*SS^l 0S:^bT3>t:a-^ 1 1 tcjg 

**iiTv>s'. 3>tra-^i itt«¥(*i 2©s§giii 

(i*3?* 1 2 *sd# y h T-A^©S^IC{± U 7-;u^ -f 
[0 0 1 1] H 2 14, HlK:^Ufeffi**^7«a©» 

lfm;£©Jl$T©F^H6{!©/t;b*£^T-V^ 0 
^- hfi fGT S fcRafc/Vl^flja^fc ffilitttBfS 
©fflWTffl^t: 5<l©/Vi/^^^tr. h/Vi/^C 
ttlitS^K=l, 2, 3, 4, 5#tt£ftT^So sii 
a L fc*y- MS»@B 7 tt« A tff* W >f * •> > * » 
frbffif&ZtlX&r), ^o->^ff^CLK©ji3ittiSffi 
SlCJ;t)* i * i i»'7'-bff^GTSS^fi£ti). fn«y^ 
C L K t f- Y G T S fcittt-f & i^^fil 
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t , f— Ms^GT S ©#^;U7 fiS^f K tftiJjO-r 5 
oftt 7 P v 7 fs-t C L K (Dftfo t Z ?Vl7,ti>t> ©SI® 

[0 0 12] tVyt>m^CLKIZ£*);VlZgm£tl 

fc-&:>feFWDi£#ifci-i>e-7££/^-t'^3. fto 

X, &¥frl 2©ASB^?>SM.bfe-*3feRWDA*)Ji 

2©ASP^T-©SESItCJ*; DTn RWDA©t-^lCl« 
£ffliI3iftDA#fg£-f £. ^llCtfft 1 2©Bg&*> 

ufe-^R wd b t b^osmizfc txmmm 

KfcS^ ilJIftDB&DAiCjt^TTC^fcS. . 
[0013] m 1 «§©•?- h^l^tJftgLTfty- 
l^j£#P8^fci$> -&#©Af£#t:-^ Bf&frt:- 

7 4; £ M5§ bTV^©T-^y- b #l&£3Iji® Vo 
2Si©<7- MVl/7Cj&bT#7- b^l^H^fe 

TV^o S3#i©7- W^l^CfSDT^-l^lS! 
tfgl^fcB^ Ajg£#t:-7#7^ S. >^wc-Stbaji 
ti>. SP*>> y-hil3a^lCiiC©B#^T-AJ52^t:-^ 

WC-gtbjljfi-f 5. C©B#^T-^-hil^tB^ 
e-7#^£fti>»t£S. C©»tC, ilSlfitJ&bT 
7-biij§B^#m;£lC->7 M"*.^ 8§gt 

-< / - i> -fe 7 -7 8 tz <k !) £ ftttffc-f 3 BSlii * 

IMGfcg&SftS. CCDi'/-^-t>1t8tS«^ 

titzWi&m^ 1 m Gtt* 7 > h<t^ c n t txmk 

trc.fr!±i£ftS. ^ > Hg^CNTttMxEbfc'T'- 

hi^GT S©/VU7§^?iJA>e>&5o 

[ 0 0 1 4 ] fcfc m 3 l/T, 0 1 C 5* L&E** 

f&fr&S. &:fcvVb7:S^K!il~5©M£i;!)f# 
5„ ft£7T-s/7S 2C43V>T> C C Di' / — i/-fe >tf 

8 * 5, B&fl^ I M G Wift- 7 1/ - A / * 'J fC S3Ji 
TS. 7U-A^'JtC§3i|£*xfeiili<7 ; -*£BUF 

(I, J, K) T-fttot. fflU I, Jtt±H*»S* 

H ^ T / V 1/ 7 S ^ K A J 5 (C m o fc * £ 7 * £ *J Bt t i> . 

TNrWttWfc-rs. *©^-Hi^Vi/7##g£L*: 
liBVf !l t> ji.fr ii^f I T R # Xt) £ tim®. b £7 
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[0 0 15] VI/***i«K=5 4:«»rSiT.fc»a 
(C(±7x^7S 4t«tr. C-T-J±, #1, JCM(5t 

*©B#©K£7 1/-A*Vl)£te«frf S. £©ai£LT 

(I, J) = K"C*fet. ^T^ry7S 5 tCiltfo 
ZBUF©rtSttE«lB«T<fe40T, Cft£3>tTa. 

-71 uzmatZo zniz.z*)-m9inft(Dmmm 

-Jl^TlCO§5f@©7U-A7 : -^BUF 
(I, J, K) #»e>*iS. §H^ti9g-r5i:5ffl© 

CixS^iB3Rt:aoT3c«>7 l/-Af-^ZBUF^ 

[0 0 16] H4it t lai C^Lfcy-HWS-f ^-S? 
20 -f >x 7 i^77^t6 ©*ff^^fi£WIS^T©f®EIT- 

^RWDi±X*ltft¥»»2 1 $:ig^o X*BCtt* 
V-K2 2 4«IS!tfe)ixT*»)il6y-b *V 

— K 2 2 ©a®t(i^*Jl 2 3 fit* t) , S 

pgt)T-i' 7D^-V>?-;i/71/- h 2 4{cS^^tl5. T 
^^Dft>Wl/-b 2 4©§g L ^7^.;i/HAWU 
feS^-ii^fi^fgig^ ft So St.t70Dft>^ 
30 2 4*e>ttS^$ftfcll?tt^®ET-iQjS^ft 

(±J*ffltc:^fiE$ftT^5ffi^M2 5«c*ai/*fcS» 
$ftSo £7 L/Ta*BCttA*^©*J-i* l^fgtS 
^B^2,v.jl^^-rSo>©^ B^S <*i3££ftfet& 
A*2 64CCD'f^-y-fe>t (BStfl T-Ji^-T 
5. 3©^, Jt7 7'^>'N-$:^»m^iii^©-*x;tf^?: 
1 ■o©il@A i ^SiJ©ffl'\i:{E3iT-^S77'f 

BB^e>ft4. 

[00 17] B5tt7^^nf+>WU-h2 4© 
40 SS«3i^^-r^lHT-^i»o T-f ^D^^>^;U7 , U 

- h 2 4ttrtg*Zl*« ; f3ttffi(t*i*-3»WP«*Ufc 
S©T^^^^>?-^2 8^^»m^aT> &iLLtz-#. 
«?«*a*-*7cfl?lCE5y L/fcSHEttO^W 7T*$> 
S. H .6 leftist:, §^-v>4-;u2 8fcA*rutS? 
tt^ S?l<@lt) l@fflf 1 + >^;^Bffi^i!)'¥t9 
2<iBlj^©ri*S?S:l64ti.o ?EoTAIft?i) s f + 

a^fgcfgtg^fts. 

[0 0 18] E!7tt, H4{C^bfe^-b^t'f /-^ 
50 >x>->7T-1 , i'6©^y-H&#S:l!iB5-ri»^©« 
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h 2 4t»bT«iltR*^l/TjE«EVBT/H7^S 
-K2 2fc««SftT^S. aStt»Ttt*V-K2 2 

+ >^;i/7"U- h 2 4tCAtf?§&^. CftKflbT, 

^GTSftfflJDtS^ *V-K2 2afflCI64L& 
S?tt*gftjtlD&?jft£tt^ 10 

»K2 5^B^5<ti^?nfe^¥ft^* s mt>tis. -« 

[0 0 1 9] E8tt#«BJ3C#a>SB§St#*7®MI2!S 
*S$#£8:^*a#B!5§^ftttbT&5. g&5;& 

li, ft-f -"wi^gns 1 ©ttfc 5 £%r«&s 100s 

ffl^fc*t?fes. zeiHUyum 0 0tt«*.tt-«H 
«aoiES«»SWfS*i¥5^SIN*4«1-*. SBift 
@gS2(i>I©IEK^S^ft-tS INCjiSlirfS^'f* 
-h*3SE«iU «tta3H3ftfc-&&fcU>X4ftfl- 
bTK¥<* (H^f) iCfi^-TS. X, BllCilfe 
#y-hf&JWISB7fcf«.T($Mll£«£lll»7 0 0 ftffl 
V^T^S. ftl§^#g£[I]B7 0 0(i»Wf S INftjl 

mwm\sZ4®(D\E&.®.>f-bm^GT:s 1 , gts 30 

2, GTS3, G.TS4 4Ui*-J-S. *7- HI*©ffi 
*1M&9 0° iCRSSftTl^*. 0O*ttGTS lOtfcffi 
^S0° fc-rsi:^ GTS 2©tfcffl£jfct9 0° , GTS 
3®{5tiA(il 8 0° , GTS4©(S[||#li2 4 0 o T 

- M<tt>f >f»77-f+ (Gil) ©«§£• 

<fe#a©iB^±4iiatSH^B$nr^4. fib#»W3. 
ttcnciBe)*ia*©-etta<, a.ntMziVL-zn& • 

ffltfSftffl^T&A^. G I I 6 1 i:CCD 8 40 

5^ i ffliiG t s i cje; ix%y- vwmzfi &v>*ffS 

r5iB«e^IMGlSfi«-r5. PWICGI 16 2 2: 
CCD8 2^?>fc3?g2ffliiGTS 2Jc|![$LT;> , 6>f- 
^i!>#ft^T&^^*tJi&t 5B«e^ I MG 2 ftffl***. 
WT, G I I 6 3 2;CCD 8 3*>e>&?>5g3ffl. Gil 
6 4 hCCD 8 4*6^i>B4|i(C'O^T*>f!lD^T6 

«. 4il©y-b«*GTS l~GTS4ft 

n7i/;i/C§cCDi:GI IosatcttlSUT^Stf, mi 
i£bfc«£lja©GI I tCCDtfcfUTGTS 1~G 50 
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M©GI I/CCDCtt««g889 0 0A5»«$iXT* 
0s IMGl~IMG4ft«»^bTffiBHfc£fcJ« 

tT-A^T-'J s/£ 1 3 1 Cit) 2#ffl$ft5„ 2#m3 
ftfc-#©J5£#(£SI2©lf--A*7'U 1 3 2K<fc{) 
3#§!l£*U #*GII61, 6 2C*4»ii5. X, £ 
1©K-A^7U?|* 1 3 l£<fc!?#ai£:h,fcffc*©fig 
#l±S6 3©t:-A*:7'J 1 3 3C£9JflFai03 
iXs MGII63, G I I 6 4-tC^ixS. 
[0 0 2 0] H9fct, E8tc^UtSg8l*^7gB©l; 

«Cx S*«*SINttJ»S©ffl»©IE36»0Bfc*U 

* 6 Sit b & R W D tt*9tt«lB ©&j£©S§BI C 

SI? ft § £' C t & * 1 ffl ® IE £ © * ft b T ^ 
S. 3&K*l©y-h«*GTSltt»P«*SIN 
fcHffl©IES*9fcfttfl/t^S. « 2 oy- Hi^GT 
S2ttSBl©y-b«*GTS lC^l/tffilB^g 0° 
->7 h LTV>5. fl^TGTS lfts in^ii-TSilG 
TS2i±cos«2;&4i XGTS3fcfcGTS HzMb 
TfiMlJPfilELT^S. H«tGTS4ttGTS2JC>J 
LTfflffltfSftbT^S. fcTGT S3i:GTS4(i 

9 0 ° OttffilMt 5c 
[0021] GII61i±GTSl lC|5)^tTRWD© 

y- vmm^m^\ ccdsi bmm&m. 

*Hf*0»«»IBT*H-mrr*.-« 5 aT» GII6 1 
tCCD8 lttS^C«»UTZl*JtRWDi:y-Hl 
^GTS l©«W«»:ft : fT'5:ofe*tC'5:i.. W»C G 
I I 6 2 b CCD 8 2©Ha«v -&^RWDic<7"-H§ 
*GTS2©«ifPaillftfT%'5»Ctti. 
»(Z=t5, RDWt'&SftittfflfllW (BftttM) l±« 
3S*»Sil-»©HflMl*IMGi, IMG2i:LT«i 

[0 0 2 2] £:d3T-#©3£fittmic:E©tefti:5© 
T% C©**lfH:fflHSI»ftfTa:3l»©ft©«©ttft* 
tbZ&tfiX'g-r, HS^^ft^T-^ft^." ^CT\ * 

(i G T S 1 fcfcf UTHI4©Ste bfc G T S 3 , 
MGTS 2t»bratt©K*sUfeGTS4ftfiJffl 

u ©»<t««a*ftiiff -r s*c «fc 5 it<i©<4tif&9- 

ft*-T5HflMg^IMG3, l'MG4ft^UT^i,„ 
[0 0 2 3] am«CHl 0©7D-?t-f5#Ib 
T, H8t^U&SIJI@IS9 o o©awft»«cKw-r 
So CCD^/-^-tr>it8 1~8 4©S«B#HTtfJ| 
TtS^s 5EfiDC^f77Sl lfc*5HT4fi©C 
CD-f ^-^-b>1r 8 1 ~8 4^5>^^li^(I^ I MG 
l~IMG4ftB6*au &*7U-&** 'J±{C83» 
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ti. Cti&BflkSftfcllikx-^SBUF 1 (I, 
J) , BUF2 (I, J) , BUF3 (I, J) , BU 
F4 (I, J) -CUttt. flU I, Jtt±B*»fe* 

[0 0 2 4] *CXt'>7S 1 2(C43V>Ts &2ttS* 5 
I, JCSWBUF1 (I, J) -BUF3 (I, 
J) ^JlffUPBUF (I, J) SjRfeS. IrHS^ B 
UF2 (I, J) -BUF4 (I, J) SSIHLQBU 
F (I, J) S2R«>*. C*l£>PBUF (I, J) 
QBUF (I, J) #6tta*iB«J«##l»*3ft;fc* 

[ 0 0 2 5] M^^f7 7 , S l 3tc&*. PBUFi: 
Q B U F ttiSSE-f £<&*§$#©&£# X o X ^ 3 ©T\ 

flea* #*tf&rsi, 'JCSLT, ZBUF (I, 

J) =atan (PBUF (I, J) /QBUF (I, 
J) ) *mntZ>* ZBU-F.©WgttE«lHffe*©4>«D 
-C-fc5©T% Xtv7S 1 4.C*^Ti*lS3>Ki — 

[0 0 2 6] 

m^izft?x£m2ntz-frft£E.&Ktii^fo£*i\sX 
fl*&E»sftfc-*#©ffiffl*tMtiu jff#!^i&©& 

■a. yty-h^mt»&^®%2mm^xStSLmik 

B£1-S{i*lJjK#©ffi[&fc3j<«>, cft?>©{i©it 
A^ii^l^t^tti-r-i)*^ «fc t), £9S*Sg©8§«Ii&JS 

[05] 




6 ) ttW¥7- 1 1 0 3 8 1 

10 

[H9©ffiHLttKi|S] 

[HI] **B^t-*^SSigt*p<7^g©^l||SS^J5: 
[02] MlUJMIOftfWRraCttl-**^ §>^+ 
[0 3] M5 1ldfi0i©lrf^K9iCtt-r6 7D-^+— h • 
[04] f-Ytt%<< ^-i' - Of>'>77'ft©I» 
10 [05] 7- Mt^y-^-f >7 1 >->7Ti'i'©«3i 

[06] HD^-HtS* ji-SMV^S^T'f* 
©tttgKH K t * K ffl 0 X- & « . 

[07] Hl^y-hWS-f *-SM >r>J/7 7>ft 
©■M^ttW IC #t 1 5 0E&0T- *" 5 . 

[0 8] *%m^i?i?%mti3*7mW.<D'&2%ffi,M1t 

[0 9 ] m 2 nifit«©ttftBiwtift-r s> -f $ >^*+ 

20' [01 0] SB2|Qfi«lO«rf^»B8Cttr 570-ft- 

[011] «£*©£**.* 7SM©HH*5Vj-7"ny* 
0T-&3. 
[ft*©K«n 

1 /v^^sfi* 

2 lEft/USS 
' 3 

4 . 1/>X 

5 b>X 

30 6 y-hftS'f >r>->7r-fi? 

7 #y-MBI»ISI& 

8 CCDi'/-i'-b>1t 
9 

1 1 3>fa-^ 
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SPECIFICATION 

[TITLE OF THE INVENTION] Range Camera 
[ABSTRACT] 

[Object] To photograph a range image of a three-dimensional subject in real time with 
high accuracy. 

[Composition] A range camera comprises a pulse oscillator 1 for producing given 
reference signal CLK as the time reference. A light-emitting diode 3 emits primary 
light FWD modulated in accordance with the reference signal CLK to irradiate a target 
three-dimensional subject 12. Lens 5 allows the secondary light RWD reflected by the 
subject 12 to converge. An image intensifier with a gate 6 is arranged in the optical 
path through which the secondary light RWD passes to perform gate-processing of the 
passing light in synchronization with the gate signal GTS produced in accordance with 
the reference signal CLK in order to pick up information on the distance of the subject 
12 included in the secondary light RWD. A CCD image sensor 8 receives the 
gate-processed secondary RWD to output image signal IMG corresponding thereto. An 
operational circuit 9 operates the image signal IMG to synthesize range images of 
the. subject 12 and then sends the images to a computer 11. 
[WHAT IS CLAIMED IS:] 
[Claim 1] A range camera comprising: 

an oscillating means for producing predetermined reference signals as time 
reference, 

a light projecting means for emitting primary light modified in accordance 
with said reference signal to irradiate a targeted three-dimensional subject with 
the primary light, 

a light convergence means for allowing the secondary light reflected by said 
subject to converge, 




an optical gate means arranged in the optical path of said secondary light 
to perform gate-processing of the passing light in synchronization with the gate 
signal produced in accordance with said reference signal in order to pick up 
information on the distance of the subject included in said secondary light, 

an image pick-up means for receiving said gate-processed secondary light 
to output corresponding image signals, and 

an operational means for operating said image signals to synthesize range 
images of said subject. 

[Claim 2] The range camera according to Claim 1, wherein said optical gate means 
performs gate-processing of passing light in a space-division-wise manner or 
time-divisipn-wise manner in synchronization with a pair of gate signals which have 
a phase difference of 90 degrees relative to each other to pick up information on 
the distance comprising phase components which are orthogonal to each other. 
[Claim 3] The range camera according to Claim 1 or 2, wherein said optical gate means 
performs gate-processing of passing light in a space-division-wise manner or 
time-division-wise manner in synchronization with a pair of gate signals which have 
a phase difference of 180 degrees relative to each other. to pick up information on 
the distance comprising a pair of negative and positive phase components. 
[Claim 4] The range camera according to Claim 1, wherein said light projecting means 
projects primary light modulated intermittently, while said optical gate means 
performs gate-processing of secondary light in synchronization with the intermittent 
gate signals to pick up information on the distance. 

[Claim 5] The range camera according to Claim 1, wherein said light projecting means 
projects primary light modulated continuously, while said optical gate means performs 
gate-processing of secondary light in synchronization with the continuous gate 
signals to pick up information on the distance. 

[Claim 6] The range camera according to Claim 1, wherein said image, pick-up means 
is of a storage type and coacts with said optical gate means to perform sum-of -product 
equivalent operations between secondary light and gate signals to pick up information 
on the distance. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the Invention] 

The present invention relates to a range camera that detects the 
three-dimensional shape of an object with no contact therewith and, more particularly, 
to a range camera that is suitable for picking up range images pf an object located 




at a distant location in real time. 
[0002] 

[Prior Arts] A prior art range camera projected light for illuminating an object at 
a certain angle of incidence, and the reflected light was received by means of an 
image pick-up device, thereby allowing for detecting the three-dimensional shape of 
the object in accordance with the angles of the incident light and the reflected light. 
That is, the principle of tri angulation was employed. The foregoing range camera had 
disadvantages of being unable to ensure measurement accuracy if a light projector 
and a light receiver were sufficiently placed apart from each other when the object 
was far away from the camera, thus impairing usability for measuring a distant object. 
[0003] With respect to the foregoing prior art, a technique for determining the range 
image of an object by adopting the speed of light is known and disclosed, for example, 
in Japanese Patent Laid-Open Publication No. Hei -1-1 00492. As shown in Fig. 11, this 
prior art example modifies the intensity of the output light from laser 101 by means 
of optical modulator 102 that is driven by oscillator 103. An intensity-modulated 
laser beam passes through the opening of aperture mirror 104 to irradiate an object 
106 by means of scanner 105. The light scattered by the object 106 passes through 
the scanner 105 to be reflected by the aperture mirror 104, and is then converged 
into optical detector 108 via convergence lens 107. The optical detector 108 converts 
the converged light into information signals. The amplitude of an information signal 
varies according to the reflectivity of the object 106 for the laser beam and the 
distance to the object. Accordingly, detecting the intensity of the information 
signal by means of intensity detector 109 and scanning the laser beam by means of 
the scanner 105 provide for an image with a brightness similar to that obtained by 
means of television cameras. In addition, the phases of the information signal delays 
in proportion to the distance to the object 106. Therefore, measuring the difference 
in phase between the information signal and the reference signal from the oscillator 
103 by using phase detector 110 allows for determining the distance to the object 
106. Distance L is given by L=c0/(47tf), where 0 is a phase difference, c is the 
speed of light, and f is an intensity modulation frequency of the laser beam. Laser 
beam scanning by the scanner 105 provides for a range image- other than the 
aforementioned brightness image. 
[0004] 

[Themes to be Solved by the Invention] 

The aforementioned technique of employing the speed of light is, in principle, 
to detect the three-dimensional coordinates of a point on which a laser beam is focused 




Accordingly, there was a problem in that it took a long time to take one photograph 
of a range image because the laser beam had to be scanned on the surface of an object 
and three-dimensional coordinates had to be operated for each point to determine a 
range image of the three-dimensional object. For this reason, it was difficult to 
pick up a range image of a moving object in real time. 
[0005] - 
[Means for Solving Themes] In view of the aforementioned prior art problem, the object 
of the present invention is to provide a high-speed range camera which allows for 
picking up range images of an object located at a distant location in real time. To 
achieve the object, the means mentioned below have been employed. That is, the range 
camera of the present invention comprises principal components such as an oscillating 
means, a light projecting means, a light convergence means, an optical gate means, 
an image pick-up means, and an operational means. The oscillating means produces 
predetermined reference signals that are the time reference. The light projecting 
means emits the primary light modified in accordance with said reference signal to 
irradiate a targeted three-dimensional subject with the primary light. The light 
convergence means allows the secondary light reflected by said subject to converge. 
The optical gate means is arranged in the optical path of said secondary light to 
perform gate-processing of the passing light in synchronization with the gate signal 
produced in accordance with said reference signal in order to pick up information 
on the distance of the subject included in said secondary light. The image pick-up 
means receives said gate-processed secondary light to output the corresponding image 
signals. The operational means operates said image signals to synthesize the range 
image of said subject. 

[0006] Preferably, said optical gate means performs gate-processing of passing light 
in a space-division-wise or time-division-wise manner in synchronization with a pair 
of gate signals which have a phase difference of 90 degrees relative to each other 
in order to pick up information on the distance comprising phase components which 
are orthogonal to each other. Alternatively, said optical gate means may perform 
gat.e-processing of passing light in a space-division-wise or time-division-wise 
manner in synchronization with a pair of gate signals which have a phase difference 
of 180 degrees relative to each other in order to pick up information on the distance 
comprising a pair of positive and negative phase components. 
[0007] More preferably, said light projecting means projects the primary light which 
is intermittently modulated (pulse modulated), while said light gate means performs 
gate-processing of the secondary light in synchronization with the intermittent gate 




signal in order to pick up information on the distance. Alternatively, said light 
projecting means may project the primary light which is continuously modulated (e.g. , 
amplitude modulated), while said optical gate means performs gate-processing of the 
secondary light in synchronization with the continuous gate signal to pick up 
information on the distance. In this case, an accumulative image pick-up means (e.g. , 
a CCD image sensor) may preferably be adopted as said image pick-up means, and 
cooperates with said optical gate means to perform sum-of-product equivalent 
operations between the secondary light and the gate signal in order to determine 
information on correlation distance. 
[0008] 

[Action] According to the present invention, the primary light comprising modulated 
light waves is used for irradiating a subject. The secondary light rays reflected 
by the subject cause phase delay to occur according to the distance of each point 
and thus include information on the distance. The secondary light rays are 
gate-processed by means of an optical gate means operable at a high speed to 
selectively pick up information on the distance (phase information). The image 
pick-up means comprises, for example, a CCD image sensor for storing information on 
distance for each pixel . This allows for detecting range images of a three-dimensional 
subject located at a distant location with high accuracy and in real time. The CCD 
image sensor itself does not respond so quickly as to be able to detect the phase 
of light waves. For this reason, the present invention provides for a high-speed 
optical gate means in front of the image pick-up means comprising a CCD image sensor 
in order to detect the phase of light waves. For this purpose, a pair of gate signals 
which have a phase difference of 180 degrees relative to each other is used for 
controlling the switching of the optical gate means in order to pick up information 
on the distance comprising a pair of negative and positive phase components. This 
allows for operating the negative side of the correlation operation at the time of 
phase detection, and thus allows for eliminating DC components to detect phases with 
high accuracy. Moreover, a pair of gate signals which have a phase difference of 90 
degrees relative to each other are used for controlling the switching of the optical 
gate means in order to pick up information on the distance compri sing-phase components 
which are orthogonal to each other. Taking a ratio of these mutually orthogonal phase 
components allows for performing phase detection with higher accuracy in a shorter 
time. 

[0009] , > 

[Embodiments] Referring to the drawings, the preferred embodiments of the present 



invention will be explained in detail below. Fig. 1 is a block diagram illustrating 
a first embodiment of a- range camera relating to the present invention. As shown in 
the figure, the range camera has an oscillating means comprising a pulse oscillator 
1 to produce a predetermined clock signal CLK (reference signal) which is used as 
the time reference. The range camera also has a light projecting means, which 
comprises a drive circuit 2, a light emitting diode 3, and a lens 4, for emitting 
primary light rays FWD that are intermittently modulated (pulse modulated) with 
reference to the clock signal CLK to irradiate a targeted three-dimensional subject 
12. The subject 12 has, for example, portion A that is located comparatively near 
to and portion B that is located comparatively far away from the main body of the 
camera. 

[0010] On the other hand, a lens 5 constitutes a light converging means for converging 
secondary light rays RWD reflected from the subject 12. In the present example, the 
light converging means comprises the lens 5 but is not limited thereto and may comprise 
a slit or a pin hole. There is provided, on the rear side of the lens 5, an image 
intensifier with a gate (Gil) 6 that constitutes an optical gate means. The image 
intensifier with a gate' 6 is arranged in the optical path of the secondary light rays 
RWD for gate processing the passing light in synchronization with a predetermined 
gate signal GTS to pick up information on the distance of the subject from the 
secondary light rays RWD. The present example comprises the optical gate means 
arranged at, but not limited to, the rear side of the convergence lens 5 and may be 
arranged at the front side of the convergence lens 5 as required. The image intensifier 
with a gate 6 is connected with an optical gate control circuit 7 for preparing the 
gate signal GTS in accordance with the aforementioned clock signal CLK. The image 
intensifier with a gate 6 has coupled thereto a CCD image sensor 8 for constituting 
an image pick-up means. The CCD image sensor receives gate-processed secondary light 
rays RWD to output the corresponding image signal IMG. The CCD image sensor 8 is 
connected with an operational circuit 9 for operating the image signal IMG to 
synthesize range images of the subject 12. The operation is performed in response 
to an interruption signal ITR that is supplied from the optical gate control circuit 
7 and is performed for processing the image signal IMG by using amount signal CNT 
that is also supplied from the optical gate control circuit 7. The operational circuit 
9 is connected to a computer 11 via an output terminal 10. The computer 11 performs 
various controls in accordance with range images of the subject 12 arid thus 
constitutes the system. For example, a real-time robot control system may be 
constituted in the case where the subject 12 is a robot arm. 




[0011] Fig. 2 is a timing chart for use in explanation of the operation of the range 
camera shown in Fig. 1 . As shown in the figure, the clock signal CLK comprises a train 
of intermittent pulses and includes, for example, six pulses in a given period T. 
On the other hand, the gate signal GTS comprises a train of intermittent pulses and 
includes, for example, five pulses in a given period T. Each of the gate pulses are 
numbered K=1, 2, 3, 4, and 5 in sequence. The aforementioned optical gate control 
circuit comprises, for example, a delay counter for producing the gate signal GTS 
^ by the delay count processing of the clock signal CLK. As can be seen clearly by the 
comparison of the clock signal CLK and the gate signal GTS, each pulse of the gate 
signal GTS increases the amount of delay from the pulse corresponding to the clock 
signal with the increasing number K. The image.inteTisifier with a gate 6 is switched 
by means of the gate signal GTS, thereby constituting a sliding correlator. 
[0012] The primary light rays FWD which are pulse modulated by the clock signal CLK 
include the corresponding peaks. Accordingly, the secondary light rays RWDA that have 
been reflected by portion A of the subject 12 include peaks in sequence. At this time, 
the peaks of RWDA will have a given amount of delay DA in accordance with the distance 
from the main body of the unit to portion A of the subject 12. Similarly, the secondary 
light rays RWDB that have been reflected by portion B of the subject 12 will have 
a given amount of delay DB in accordance with the distance. As mentioned in the 
foregoing, portion B is located farther than portion A, so that the amount of delay 
DB is greater than DA. 

[0013] When the optical gate means opens in response to the first gate pulse, both 
the A component peak and B component peak of the secondary light rays are delayed 
and thus not allowed to pass through the optical gate means. When the optical gate 
means opens in response to the second gate pulse, both the A component peak and B 
component peak are still not allowed to pass through. However, the time for the opening 
gate is coming. When the optical gate means has opened in response to the third gate 
pulse, the A component peak passes through in perfect timing. That is, the gate passing 
light includes the A component peak at this time. When the optical gate means has 
opened in response to the fifth gate pulse, the B component peak passes through in 
perfect timing. That is, the gate passing light includes the B component peak at this 
time. In this way, the time of passing through the gate is shifted backward in 
accordance with the amount of delay, so that information on the distance can be picked 
up from the secondary light rays. The gate passing light is received sequentially 
by means of the CCD image sensor 8 and converted into the corresponding image signal 
•IMG. The image signal IMG stored in the CCD image sensor 8 is read out sequentially 



in response to the count signal CNT. This count signal CNT comprises the pulse number 
train of the aforementioned gate signal GTS. 

[0014] Now, referring to Fig. 3, the operation of the operational circuit 9 included 
in the range camera shown in Fig. 1 will be explained in detail . As mentioned in the 
foregoing, generation of an optical gate signal pulse causes the interruption signal 
ITR to be inputted from the optical gate control circuit 7 to the operational circuit 
9 in order to start up a predetermined processing routine. First, at step S1, pulse 
number K is read from the count signal CNT. The pulse number K can take numerals ranging 
from 1 to 5. Then, at step S2, the image signal. IMG is read from the CCD image sensor 
8 and stored in a frame memory. The image data stored in the frame memory is expressed 
by BUF (I, J, K)-, where I and J are the row and column number that cover all the pixel 
numbers. Then, at step S3, it is determined whether or not. pulse number K has reached 
,5. If K is less than 5, a standby state is maintained waiting for the subsequent optical 
gate signal pulse to be produced. When the subsequent optical gate signal pulse is 
produced, the interruption signal ITR is inputted again to repeat the aforementioned 
steps after step S1 . 

[0015] On the other hand, if it is determined that pulse number K=5, step S4 is 
performed. In this step, the value of K is varied to determine the maximum value of 
pixel data corresponding to each I and J, and the value of K corresponding to the 
maximum value is stored in the frame memory. Pixel data on the frame memory, 
synthesized in this way, is expressed as ZBUF (I, J) = K. Subsequently, step S5 is 
performed. The contents of ZBUF are range images that are sent to the computer 11. 
This completes operation over one period T and a standby state is maintained. As can 
be seen in the foregoing explanation, five frame data BUF (I, J, K) are obtained over 
one period T. Focusing on each pixel, five image data have been obtained in time 
sequence. The image data having the maximum value out of five image data contains 
information on the distance that has passed through the optical gate means. As 
mentioned in the foregoing, this information on the distance is expressed by K at 
the time the maximum value has been obtained, so that a range image is determined 
by determining K over all pixels and synthesizing frame data ZBUF. 
[0016] Fig. 4 is a cross sectional view showing a specific example -of configuration 
of the image intensifier with a gate 6 shown in Fig. 1. As shown in the figure, the 
secondary 1 ight rays RWD incident through the convergence lens 5 forms a subject image 
21 on an input plane. The input plane is provided with a cathode 22 to constitute 
an optical gate. The cathode 22 is provided, on the surface thereof, with a 
semiconductor film 23 to emit an amount of electrons corresponding to the secondary 



light rays~RWD received. An electronic image thus formed is projected onto a 
microchannel plate 24 only when the optical gate is open. Electrons launched into 
each channel of the microchannel plate 24 are multiplied a few thousand times. 
Moreover, electrons outputted from the microchannel plate 24 are accelerated with 
high voltage and collide with a fluorescent film 25 formed on the output plane to 
be converted into light. Accordingly, on the output plane is formed a bright image 
which is approximately 10,000 times brighter than the input light. Subsequently, a 
CCD image sensor (not shown) picks up a brightly intensified output image 26. At this 
time, a fiber optic plate 27, made of a number of bundled optical fibers, is arranged 
which transfers two-dimensional information on an image from one screen to another, 
thereby providing a sufficiently bright screen. 

[0017] Fig. 5 is a perspective view showing a fine structure of the microchannel plate 
24. The microchannel plate 24 is a thin-plate device which has a number of extremely 
fine channels 28 formed in a bundle and made up of a material having secondary electron 
emissivity, and has independent secondary electron multipliers arranged in two 
dimensions. As shown in Fig. 6, electrons launched into each channel 28 produce an 
average of approximately two secondary electrons per one electron and per one 
collision with the channel wall. Accordingly, incident electrons repeat collisions 
with the wall surface a plurality of times during passing through the channel and 
are multiplied a few thousand times. 

[0018] Fig. 7 is a schematic diagram for explaining the optical gate operation of 
the image intensifier with a gate 6 shown in Fig. 4. The cathode 22 is biased by 
positive voltage VB via resistor R relative to the microchannel plate 24. In addition, 
the optical gate control circuit 7 is connected to the cathode 22 via capacitor C. 
Since the cathode 22 is forward biased via resistor R under normal conditions, 
electrons produced by the incidence of the secondary light rays RWD are not 
accelerated and thus cannot be launched into the microchannel plate 24. On the 
contrary, applying the gate pulse GTS having a large negative voltage from the optical 
gate control circuit 7 causes the electrons produced on the surface of the cathode 
22 to be subject to a great accelerating force the flow into the microchannel plate 
24. Generally, the light progresses about 3 meters in a few tens- of nanoseconds. 
Therefore, a brightly intensified subject image will appear on the fluorescent film 
25 formed on the output plane. Therefore, the speed of response required for the 
optical gate is a few tens of nanoseconds. At this point, the image intensifier with 
a gate responds in a few nanoseconds, thereby allowing for producing range images 
with a practically sufficient resolution. 



• 



[0019] Fig. 8 is a block diagram showing a second embodiment of a range camera relating 
to the present invention. The basic structure is similar to that of the first 
embodiment shown in Fig. 1 and the corresponding portions are given the corresponding 
numbers to facilitate the understanding thereof. What is different is, first, in that 
a continuous oscillator 100 is employed instead of the pulse oscillator 1. The 
continuous oscillator 100 produces, for example, a reference signal SIN having a 
sinusoidal wave of a fixed period. A drive circuit 2 drives the emitting diode 3 in 

r 

response to the sinusoidal reference signal SIN and projects the primary light ray 
continuously modulated to a subject (not shown) via the lens 4. Moreover, a phase 
difference generator circuit 700 is employed instead of the optical gate control 
circuit 7. The phase difference generator circuit 700 delay-processes the reference 
signal SIN to output four sinusoidal gate signals GTS1, GTS2, GTS3, and GTS4. The 
phase difference of each gate signal is set to 90° . For example, if the phase angle 
of GTS1 is equal to 0° , the phase angle of GTS2 is 90° , the phase angle of GTS3 
is 180° , and the phase angle of GTS4 is 240° . Moreover, the present embodiment is 
provided with a total of four pairs of couplings between the CCD image sensor and 
the image intensifi.er with a gate (Gil). In other words, the coupling between the 
optical gate means and the image pick-up means is space-divided in four pairs. However, 
the present invention is not limited to this, but the time-division scheme may be 
employed instead of the space-division scheme. The first pair comprising GI 161 and 
CCD 81 performs optical gate processing in response to GTS1 to produce the 
corresponding image signal IMG1 . Similarly, the second pair comprising GI 162 and CCD 
82 performs optical gate operations in synchronization with GTS2 to output the 
corresponding image signal IMG2. In the same way, the third pair comprising GI 163 
and CCD 83, and the fourth pair comprising GI 164 and CCD 84 receive assigned gate 
signals to output corresponding image signals. In the present example, four gate 
signals GTS1 through GTS4 are supplied to each pair of CCD and GII in parallel , however, 
it is also possible to supply GTS1 through GTS4 to a pair of GII and CCD in a manner 
of time-division as mentioned in the foregoing. These four pairs of GI I/CCD are 
connected with an operational circuit 900 for operating IMG1 through IMG4 to 
synthesize range images. The secondary light ray RWD reflected from the subject is 
split into two by means of a first beam splitter 131 . One component of the split light 
rays is split again by means of a second beam splitter 132 to be guided to GII 61 and 
GI 1 62 , respectively. In addition, the other component split by means of the first 
beam splitter is split again by means of a third beam splitter 133 to be guided to 
GI 163 and GII64, respectively. 
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[0020] Fig. 9 is a timing chart for explaining the operation of the range camera shown 
in Fig. 8. As shown in the figure, the reference signal SIN has a sinusoidal waveform 
of a given period by which the primary light is continuously amplitude-modulated. 
The secondary light ray RWD reflected by the subject has sinusoidal wave components 
with various delays corresponding to the distance of each point on the subject surface. 
The figure shows only one sinusoidal wave component to facilitate the understanding 
thereof. Moreover, the first gate signal GTS1 has a sinusoidal wave form of the same 
phase as the reference signal SIN. The second gate signal GTS2 has a phase shifted 
by 90 degrees relative to the first gate signal GTS1 . Accordingly, if GTS1 is a 
sinusoidal wave, then GTS2 is a cosine wave. Moreover, GTS3 has a phase inverted 
relative to GTS1 . Similarly, GTS4 has a- phase inverted relative to GTS2. Therefore, 
GTS3 and GTS4 have a phase difference of 90 degrees with each other. 
[0021 ] GII61 performs gate processing of RWD in synchronization with GTS1, and CCD81 
stores said gate-processed results for a period of predetermined storage time T. 
Therefore, it can be said that GII61 and CCD81 have cooperated with each other to 
perform the sum-of -product operations of the secondary light ray RWD and gate signal 
GTS1 . Similarly, the pair of GII62 and CCD82 is to perform the sum-of-product 
operations of the secondary light ray RWD and gate signal GTS2. Such correlation 
operations allow the phase information (distance information) included in RDW to be 
orthogonally decomposed into a pair of image signals IMG1 and IMG2, which is provided 
at an extremely high speed and in real time. Operating phase components orthogonal 
to each other provides for phase information of RWD. 

[0022] Since the intensity of light always takes a positive. value, leaving it as it 
is never allows for determining a negative value in the correlation operation, thus 
never allowing for eliminating DC components. Accordingly, the present embodiment 
employs GTS3 of which polarity is inverted relative to GTS1 and GTS4 of which polarity 
is inverted relative to GTS2, performing similar sum-of-product operations to produce 
image signals IMG3 and IMG4 both of which have negative phase components. 
[0023] Finally, referring to the flowchart of Fig. 10, the operation of the 
operational circuit 900 shown in Fig. 8 will be explained in detail. First, when 
storage time T of CCD image sensors 81 through 84 is over, image signals IMG1 to IMG4 
are read from the four CCD image sensors 81 through 84, respectively, to be stored 
in each frame memory at step S11 . These stored image data are expressed as BUF1 (I, 
J), BUF2 (I, J), BUF3 (I, J), and BUF4 (I, J), where I and J are the row and column 
number that cover all pixels. 

[0024] Then, at step S12, for each corresponding I and J, BUF1 (I, J) - BUF3 (I, J) 




is operated to determine PBUF (I, J). Similarly, BUF2 (I, J)-BUF4(I, J) is operated 
to determine QBUF (I, J). It can be said that DC components have been eliminated in 
PBUF (I, J) and QBUF (I, J), respectively. 

[0025] Subsequently, it proceeds with step S13. PBUF and QBUF contains the intensity 
of orthogonal phase components, so that the value allows for determining phase angle 
or distance. Specifically, for each corresponding I and J, ZBUF (I, J) = atan (PBUF 
(I, J) / QBUF (I, J)) is operated. The contents of ZBUF are the representation of 
range image, being sent to the computer at step S14. 
[0026] 

[EFFECT OF THE INVENTION] As explained in the foregoing, the present invention 
provides for effects in that the primary light ray modified in accordance with a 
reference signal is projected to a three-dimensional subject, an optical gate means, 
the image pick-up means detects the phase of the secondary light reflected by the 
subject, and distance information on each portion of the subject formed on each pixel 
of the image pick-up means is determined; thereby allowing for realizing a small and 
simple range camera and for detecting with high accuracy the three-dimensional shape 
of an object at a distant location. Furthermore, such an effect is provided in that 
two pairs of an optical gate means and the image pick-up means are used to perform 
the negative-side correlation operation in phase detection, thereby allowing for 
eliminating DC components and for detecting phases with high accuracy. Still 
furthermore, such an effect is provided in that four pairs of an optical gate means 
and an image pick-up means are used for determining values of orthogonal phase 
components to detect phases in accordance with the values, thereby allowing for 
photographing range images with higher accuracy and in a short time, so that the 
real-time property of : a range .camera can be further increased. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1 ] is a block diagram illustrating a first embodiment of a range camera relating 
to the present invention. 

[Fig. 2] is a timing chart for use in explanation of the operation of the first 
embodiment. 

[Fig. 3] is a flowchart for use in explanation of the operation of the first 
embodiment. 

[Fig. 4] is a cross sectional view showing a specific example of configuration of 
an image intensifier with a gate. 

[Fig. N 5] is a perspective view for use in explanation of the structure of the image 
intensifier with a gate. 



[Fig. 6] is a cross sectional view similarly for use in explanation of function of 
the image intensifier with a gate. 

[Fig. 7] is a circuit diagram similarly for use in explanation of the operation of 
the intensifier with a gate. 

[Fig. 8] is a block diagram showing a second embodiment of a range camera relating 
to the present invention. 

[Fig. 9] is a timing chart for use in explanation of the operation of the second 
embodiment. 

[Fig. 10] is a flowchart for use in explanation of . the operation of the second 
embodiment. 

[Fig. 11] is a block diagram illustrating an example of a prior art range camera. 
[Description of Symbols] 

1 Pulse oscillator 

2 Drive circuit 

3 Light-emitting diode 

4 Lens 

5 Lens 

6 Image intensifier with a gate 

7 Optical gate control circuit 

8 CCD image sensor 

9 Operation circuit 

11 Computer 

12 Subject' 
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